A Validated Technique To Predict The Load-Displacement Behaviour Of Vertebral Bodies Under Compression Up To The Yeild Region by Agostinho Hernandez, Bruno et al.
        
Citation for published version:
Agostinho Hernandez, B, Sleeman, J, Mahmoodi, P, Gill, H & Gheduzzi, S 2016, 'A Validated Technique To
Predict The Load-Displacement Behaviour Of Vertebral Bodies Under Compression Up To The Yeild Region'
TransMed Student Conference 2016, Edinburgh, UK United Kingdom, 30/05/16 - 1/06/16, .
Publication date:
2016
Document Version
Publisher's PDF, also known as Version of record
Link to publication
University of Bath
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 13. May. 2019
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B. A. Hernandez1, J. Sleeman, P. Mahmoodi, H. S. Gill and S. Gheduzzi 
1bah33@bath.ac.uk, Centre for Orthopaedic Biomechanics, Dept. of Mechanical Engineering, 
University of Bath, Claverton Down, Bath, BA2 7AY, United Kingdom. 
 
Predicting the behaviour of the spine under load relies on the accurate representation of the load displacement 
behaviour of vertebral bodies (VB). A number of FEA studies are available that model VB behaviour and the 
agreement achieved with experimental data - in the elastic region - is generally good. The fit between 
experiment and prediction, however, is lost as the VB enters the plastic region (see for example Wilcox et al, 
2007), the very region of interest if failure modes are to be predicted. In this study we present a validated 
specimen specific FEA technique that allows the elastic behaviour and the onset of yield to be accurately 
modelled. Six porcine VBs (from C2 to C7) were dissected from a spine specimen, potted in PMMA bone cement 
and Micro-CT imaged using a Nikon XT225 ST scanner (Nikon Metrology UK, Hertfordshire, UK).  A compressive 
load was applied to each specimen with an Instron 5967, 30kN materials testing machine (Instron, High 
Wycombe, UK) at a rate of 1000N/min. FE models of all specimens were created by segmenting and meshing 
the micro-CT images (ScanIP, Simpleware, UK), material properties were assigned from the grayscale value and 
the compression experiment was repeated in-silico. Conversion factors for the Young’s modulus ( Ek ), the Yield 
stress ( yk ), the Tangent ( tank ) and the density ( k ) were determined for the grayscale values to minimise the 
error between experimental and numerical load-displacement behaviour. This allowed a very good match 
between experiment and simulation results (Figure 1). In this study a technique allowing the prediction of the 
load-displacement behaviour of VBs subject to compression was developed. The novelty in the proposed 
approach rests with the fact that the onset of yield, crucial in determining subsequent failure modes, can also 
be modelled. This paves the way for more accurate FEA models aimed at predicting the failure modes of the 
spine. 
 
 
 
 
 
 
 
 
 
Figure 1: Experimental and numerical load-displacement curves for C5 and C6. 
